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[0001] Specification 

[0002] The invention relates to a method and a system for monitoring the functional 
capability of a particle detector, using a particle filter connected upstream, in the flow 
direction, of the particle detector. The invention also relates to a computer program 
(computer program product) suitable for this. 

[0003] Prior Art 

[0004] The concentration of particles, in particular soot particles, in diesel internal 
combustion engines is often measured by electrical methods. From German Patent 
Disclosure DE 198 53 584 Al, for instance, a sensor for detecting soot particles is known 
which includes a first high-voUage electrode and a second ground electrode. In operation, 
there is a flow of exhaust gas through the space between the electrodes, and either the 
electrical voltage beyond which sparks occur between the two electrodes, or, if the electrical 
voltage is kept constant, the magnitude of the ionization current flowing between the two 
electrodes is used as a standard for the concentration of soot particles in the exhaust gas. 
Other possibilities are charging the particles by means of an ionization source, such as a 
corona discharge, or by the combustion process itself. The charged particles are then passed 
through a suitable detector structure (grid) and can give up their charge again there. The 
measured current is thus a measure for the charge picked up by the particles, and for a known 
degree of ionization of the particles, it is also a standeird for the number of particles that reach 
the detector. 
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[0005] Particles that have been charged by one of the methods described above or that 
become charged on their own from a combustion process can also cause a shift in the charge 
in a detector structure by influence, which can in turn be proved detected. The known 
detection methods thus use the measurement of small currents or charge shifts. 

[0006] For various reasons (to meet legal requirements, and for reasons of safety and 
environmental aspects), there is a need for the detection devices described above to be 
monitored for proper functioning. This is true particularly since the charges or charge shifts 
to be detected are very small, and interference can incorrectly lead to a finding of proper 
operation. 

[0007] Advantages of the Invention 

[0008] According to the invention, particles that occur in the regeneration of the particle 
filter are detected by the particle detector, and the resultant measurement finding is compared 
with an expected finding. In particular, the signal furnished by the particle detector during 
the measurement can be compared, for instance continuously, with an expected signal. 

[0009] Particle filters are often regenerated, at certain time intervals or periodically, in order 
to restore the original filter capacity. For instance, soot filters are periodically burned off, in 
order to detach soot particles that adhere to the particle filter from the filter by oxidation 
processes at high temperatures. According to the invention, a measurement is now performed 
by the particle detector during this regeneration phase. The particles that occur during the 
regeneration are detected, and the resultant measurement finding is compared with the finding 
to be expected. If there are marked deviations in the measurement finding from the expected 
finding, this is as a rule a clear indication that the particle detector is defective. 
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[0010] By means of the invention, the function of the particle detector can be monitored at 
periodic intervals, whenever the actual function of the particle detector is not critical, since 
after all the particle concentration is to be measured only during normal operation. The 
invention thus assures that during normal operation, the particle detector can fimction 
uninterruptedly, and during the filter regeneration, the functional capability of the particle 
detector can simultaneously be monitored. To that end, the expected finding fi-om the 
measurement of the particle detector can be determined on the basis of the fill status of the 
particle filter and on the regeneration conditions. The particle stream that occurs upon 
regeneration of the particle filter depends primarily on the current fill status (degree of filling) 
of the filter and on the conditions of the regeneration. From this a model can be developed 
that makes it possible to determine the expected finding of measurement by the particle 
detector during the regeneration. 

[001 1] In monitoring the functional capability of soot detectors using a soot filter that is 
upstream in the flow direction of the soot detector, and that can be regenerated by being 
burned off, it is advantageous for the ions that occur during the regeneration to be detected by 
the soot detector. Such soot detectors operate by the measurement methods already described 
at the outset above. 

[0012] In this connection, it is advantageous to measure the temperature in, at or downstream 
of the soot filter, and from the fill status of the soot filter and the measured temperature to 
determine the expected measurement finding or signal of the soot detector. To that end, a 
model of the fill status of the soot filter is prepared and correlated for instance with the 
measured exhaust gas temperature downstream of the soot filter. As the exhaust gas 
temperature increases, the concentration of ions that are delivered to the detector also 
increases. This makes it possible to draw a conclusion about the expected finding of 
measurement by the soot detector, which can then be compared with the finding currently 
ascertained. 
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[0013] The deviation from the expected finding or measurement finding of the measured 
signal or measurement finding is preferably compared with a limit value, and if the limit 
value is exceeded the detector is classified as defective. 

[0014] It may be advantageous to change the regeneration conditions during monitoring of 
the functional capability of the particle detector, in order to obtain more-reliable conclusions. 
For instance, the temperature in burning off the soot filter can be increased, to make it 
possible to measure a higher, more-conclusive ion concentration. If for instance an exhaust 
gas temperatvire of SOO'^C is exceeded, then upon regeneration of the soot filter, ions occur in 
the exhaust gas stream even downstream of the filter, once the filter overall has assumed the 
higher temperature. These ions are then delivered in a higher concentration to the 
downstream particle detector. Temperatures between 600°C and lOOO^C for the bumoff have 
proved advantageous in this respect. 

[0015] If a defined temperature range is gone through in the regeneration without an increase 
in the number of ions, then with high probability a detector flaw is involved. 

[0016] The invention furthermore proposes a system for monitoring the fimctional capability 
of a particle detector, using a particle filter connected upstream of the particle detector in 
terms of the flow direction, in which a control and evaluation unit, is provided, which during 
the regeneration of the particle filters detects measurement findings fiimished by the particle 
detector and compares them with expected findings. 

[0017] Moreover, the control and evaluation unit is advantageously designed such that by 
means of a predetermined model, an expected measurement finding can be determined from 
the current filter load (filter fill status) and the given regeneration conditions. 



[0018] Upon the regeneration of a soot filter by bumoff, such a model simply comprises a 
correlation of the fill status (filter load) of the soot filter and the exhaust gas temperature or 
filter temperature during the regeneration. The ion current measured at the detector can then 
be defined as a fiinction of these two variables. Such a model can be ascertained empirically, 
for instance. 

[0019] It is advantageous to locate a temperature sensor in, at or downstream, in the flow 
direction, of the particle filter. If the particle filter is regenerated by heating or bumoff, then 
such a temperature sensor fiimishes an important p2irameter of the regeneration conditions. 

[0020] The method described can be implemented by means of a computer program, which 
can advantageously be placed in the aforementioned control and evaluation unit for 
execution. The computer program can assure that the various sensors, such as the particle 
detector or the temperature sensor, will respond at the appropriate time and pick up and or 
store in memory the appropriate data. The computer program may, firom a predetermined 
model stored in memory, determine expected measurement findings and compare them with 
the currently measured findings. Deviations can be compared in a simple way with 
predetermined limit values, fi-om which a conclusion can be drawn about the functional 
capability of the particle detector. A computer program of this kind can advantageously be 
executed in the aforementioned control and evaluation unit and can assure periodic 
monitoring of the fiinctional capability of the particle detector. 

[0021] The computer program can be stored in memory on suitable data media, such as 
EEPROMs, flash memories, or CD- ROMs, diskettes, or hard drives. Another option is to 
download the computer program fi-om an extemal server, for instance over the Internet. 
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[0022] Drawings 



[0023] The invention and its advantages will now be described in further detail in an 
exemplary embodiment in conjunction with the accompanying drawing. 

[0024] The drawing schematically shows a system for monitoring the functional capability of 
a particle detector according to the invention. 

[0025] Preferred Embodiment 

[0026] The present invention will be described taking as an example a soot detector 3 and a 
soot filter 7, which are located in an exhaust gas line 1 of a diesel engine. The drawing shows 
the flow direction 2 of the exhaust gas in the exhaust gas line 1 , the soot filter 7, and the 
downstream soot detector 3. 

[0027] The soot detector 3 has a first electrode 5, which is connected to a high-voltage 
source HV via a line. The second electrode 4 of the soot detector 13 is embodied 
cylindrically and is connected to ground. The first electrode 5 and second electrode 4 are 
located coaxially to one another. The second electrode 4 has axial recesses 6, through which 
exhaust gas can flow. With the electrode assembly shown, an ion current can be measured 
that occurs from the arrival of charged particles at the electrodes 4 and 5. To that end, the 
ground line and the high-voltage line are carried into a control and evaluation unit 9, in which 
the further processing of the signals then takes place. It is understood that the supply of high 
voltage can also be done from outside the control and evaluation unit 9. 

[0028] A temperature sensor 8 is also located downstream of the soot filter 7 in the flow 
direction 2, and its signals are likewise delivered to the control and evaluation unit 9, at the 
input marked T. 
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[0029] The system shown in the drawing is suitable for performing the method of the 
invention, in which whenever the soot fiher 7 is burned off, monitoring of the functional 
capability with the soot detector 3 can be done. To that end, after the regeneration process is 
started, the ion current through the soot detector 3 is recorded. The ion current increases over 
the course of time when charged particles move past the soot detector 3. During this time, a 
temperature measurement is done by the temperature sensor 8. During the regeneration, the 
temperature downstream and consequently also at the soot filter 7 increases, and it has been 
found that at elevated temperatures of between 600 and 1 OOO^C, the ion concentration is 
especially well suited for monitoring the functional capability of the soot detector 3. 

[0030] Since the ion concentration increases with an increasing temperature, when the soot 
detector 3 is monitored an increasing ion current must be associated with this. If an 
increasing ion ctirrent is absent, then it is highly likely that a detector flaw is involved. 

[0031] At the onset of monitoring of the functional capability, a "testable" bit is set to 1. The 
monitoring is done along with the regeneration of the soot filter 7. The cxirrent received by 
the soot detector 3 during the regeneration and monitoring phase is detected by the control 
and evaluation unit 9 and compared with a set-point value. This set-point value can be 
ascertained empirically; a model that determines the set-point value from the measured 
temperature and the degree of filling of the soot filter 7 is suitable. If the current measured by 
the soot detector 3 is below the set-point value by a definable limit, then the soot detector 3 
can be recognized as defective. 

[0032] The onset and course of the measurement as well as the evaluation are preferably 
done by means of a computer program that is contained in the control and evaluation unit 9. 

[0033] The invention makes it possible to monitor the functional capability of particle 
detectors, in particular soot detectors, in a way that does not interrupt normal operation, and it 
thus increases the reliability of the entire system, and in particular the mode of operation of a 
diesel engine. 



